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(57) Abstract 

A total knee replacement prosthesis (TKR) is described comprising a femoral component (2) having a pair of condylar-bearing surfaces 
and a tibial component (4) having dished tibial bearing surfaces and anterior (A) and posterior (P) sides, wherein the condylar-bearing surfaces 
and tibial-bearing surfaces arc so shaped that when viewed as a series of transverse slices extending transversely to the anterior-posterior 
direction, contact points (LI, L2, L3, Ml, M2, M3) between the bearing surfaces are displaced posteriorly with flexion and anteriorly with 
extension or vice versa, and each contact point constitutes the lowest point on the tibial bearing surface at a given angle of flexion (Alpha, 
Beta). 
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JELLYBEAN KNEE JOINT (IMPROVEMENT) 

This invention relates to prosthetic joints, especially total knee replacement 
prostheses. 

In the natural knee, the femoral-tibial contact point is displaced from anterior 
to posterior as the knee is flexed from zero to maximum. This eflfect is more 
pronounced on the lateral side than the medial. Such motion results in effective lever 
arms for the quadriceps and hamstrings at appropriate phases in the movement of the 
joint and facilitates a high range of flexion. Ideally, a total knee replacement 
prosthesis should mimic such displacements. In practice, for existing designs this is 
not the case. For example, existing posterior cruciate ligament (PCL) sacrificing 
designs tend to be excessively constrained, where the femur locates close to the 
bottom of the tibial dish throughout flexion. PCL-preserving designs tend to show 
variable and unpredictable motion patterns, mainly because the femoral-tibial surfaces 
are less constrained and the PCL tension varies between knees. 

One approach to controlling the motion is to provide cam surfaces located in 
the intercondylar notch which interact at the appropriate stage in flexion to cause the 
femoral component to roll back. However, cams have certain disadvantages. There 
can be an impact when they engage, which may contribute to progressive wear and 
deformation. This effect is increased if internal-external rotation occurs 
simultaneously. The anterior-posterior translations are opposed to the natural 
tendency of the femur to locate at the bottom of the tibial dish, thus increasing the 
contact forces. Most cams are designed to produce roll-back with flexion, but not 
roll-forward with extension. 
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The present invention is based on a novel concept of gradually changing , the 
frontal profile of the femoral condylar bearing surfaces from the distal to the posterior 
region, in such a way as to cause the femoral component, by interaction with a 
similarly changing profile in the tibial bearing surfeces, to displace posteriorly with 
flexion and anteriorly with extension. The concept is based on the femoral bearing 
surfaces locating at the lowest point on the tibial bearing surfaces or finding the 
positions of at least potential energy, at each angle of flexioa 

According to the present invention there is provided a condylar total knee 
replacement prosthesis (TKR) which comprises a femoral component having a pair of 
condylar-bearing surfaces and a tibial component having dished tibial bearing surfaces 
for receiving said condylar bearing surfaces, wherein each condylar surfece when 
viewed as a series of sagittal slices has a curvature such that the contact point of each 
slice with the corresponding portion of the tibial-bearing sur&ce is anterior to one 
adjacent slice, and posterior to the other. 

In one aspect of the present invention there is provided a condylar total knee 
replacement prosthesis (TKR) which comprises a femoral component having a pair of 
condylar-bearing surfeces and a tibial component having dished tibial bearing sur&ces 
for receiving said condylar bearing surfaces, wherein the frontal profiles of the bearing 
sur&ces are designed so that the contacts points move outwardly, i.e. medially and 
laterally, as the knee undergoes increasing degrees of flexion. As a result, when 
viewed from above, the dished areas representing the contact points diverge from 
anterior to posterior. The effect of this is that each condylar surface when viewed as 
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a series of sagittal slices has a curvature such that the contact point of each slice ^yith 
the corresponding portion of the tibial-bearing surface is anterior to one adjacent slice, 
and posterior to the other. B>' constructing the profiles of the bearing surfaces as 
though they were a very large number of thin sagittal slices, the overall bearing 
surfaces will be smooth and free from any sharp discontinuities. Due to these surfaces, 
the contact points at the lowest points will move posteriorly with flexion and anterior 
with extension. 

As will be described in more detail subsequently in this specification, it is also 
possible to shape the contacting femoral and tibial bearing surfaces so that the points 
of contact, when viewed from above, converge as the joint moves from extension to 
flexion. 

An additional inducement to the motion is produced by the intercondylar 
region. Due to the diverging femoral condyles, the intercondylar groove becomes 
deeper with flexion. This produces an intercondylar hump between the dished 
receiving areas on the tibial surface and the height of the hump increases when seen in 
a frontal plane from anterior to posterior. Because of this, as the knee begins to 
extend from flexion, the femoral component rolls down the hump and is caused to 
slide forward. 

A fuller understanding of the invention will be gained from the following 
detailed description and accompanying drawings, in which:- 

Figure 1 is a diagrammatic sagittal view of a TKR prosthesis in accordance 
with the invention; 



wo 00/23011 . PCT/GB99/a3407 



Figure 2 is a plan view of a tibial component showing the divergent pattern of 
the dished contact areas with the condylar bearing surfaces; 

Figures 3(a) to 3(c) are anterior views of the femoral component at the 
indicated degrees of flexion; 

Figures 4(a) to 4(c) are respectively perspective, anterior and posterior views 
of the tibial bearing component; 

Figure 5 is a diagrammatic representation of a further embodiment in which the 
frontal radius of the femoral component is seen to decrease with the flexion angle of 
the component; 

Figure 6 is a plan view of a femoral component showing the natural 
convergence of the component from posterior to anterior; 
Figure 7(a) is a sagittal view; and 

Figure 7(b) is a frontal/upper view of a further embodiment in accordance with 
the invention, in which contact points converge from extension to high flexion. 

Referring to Figures 1 and 2 of the drawings, the condylar and tibial bearing 
surfeces can be visualised as formed from a series of sagittal slices, each slice being a 
diflFerentdistance from the A-P centreline. Each of the slices, (only two of which are 
shown in Figure 1), has a profile which ensures that its contact point or area with the 
tibial surfece is different. In Figure 1, a first slice 1 of the femoral condyle 2 contacts 
slice 3 of the tibial condyle 4 at contact point 5. The tibial component in this 
embodiment may be a shaped plastics member fixed in a conventional way to a tibial 
base plate. This contact point 5 is also shown in Figure 2 as 5L (lateral) and 5M 
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(medial), which represents the position at zero flexion. In Figure 1, a second sagittal 
slice 6 contacts slice 7 of the tibial condyle at contact point 8, when the prosthesis is at 
say 30 degrees of flexion. This contact point 8 is more posterior to the A-P centreline 
than contact point 5. The profile of the bearmg surfaces can be varied by changing the 
radius in different slices, or changing the centre of the radii or by a combination of 
both measures. 

As can be seen from Figure 2, the contact points for other sagittal slices 9L, 
9M and lOL and lOM for 90' and 120° flexion are progressively more posterior to the 
A-P centreline. *L' and *M' indicate that the points are on the lateral or medial side 
respectively of the prosthesis and it will be seen that the contact points also diverge 
from anterior to posterior. Such divergence may be equal or diflFerent, e.g. the angles 
a and p may be equal or diflFerent. It will be appreciated that there will be slices 
giving rise to contact points between those shown in Figure 2 and that the profiles of 
the slices will preferably blend smoothly into each other. 

Figures 3(a) 3(c) are frontal plane views of the femoral component at 0^ 60° 
and 120° flexion respectively. It will be seen that the points 1 IL and 1 IM in Figure 
3(a), which are designed to make contact with corresponding points on the tibial 
bearing surface, generally lie on a vertical plane which passes generally centrally 
through each condyle. However, this is not essential and the contact points at 0° 
flexion may be closer together. The distance separating contact points 1 IL and 1 IM 
is indicated as dimension *x'. At 60° flexion, the condylar surfaces are shaped so that 
the contact points 12L and 12M are separated by a distance ^v' which is greater than 
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dimension *x\ When the prosthesis reaches maximum flexion, e.g. at 120^ the 
contact points I3L and 13M are still fiirther separated by a distance 'z' as indicated in 
Figure 3(c). 

The tibial bearing surfece is shown in Figures 4(a) to 4(c). It will be seen that 
the width of the dished receiving portion increases from anterior to posterior, that is, 
moving outwardly, laterally and medially. The interaction of the diverging femoral 
surfeces and diverging tibial surfaces will cause the contact points to move steadily 
posterior with flexion and anterior with extension. The thickness of the plastics 
meniscal member is generally constant at the lowest points of the sagittal slices. Also, 
an intercondylar hump 14 extends in an A-P direction and is lower at the anterior side 
15 than at the posterior side 16. From anterior to posterior the hump rises, the rise 
being steepest on approaching the posterior side. As mentioned above, this sloping 
ridge has the eflFect of assisting roll forward movement as the pivoting movement of 
the knee changes from the fiiUy flexed position towards extension. 

Figure 2 shows the dished contact points on the medial and lateral sides. In 
figure 2, the tibial contact points on the lateral and medial sides are symmetric. 
However there are advantages in making the contact point locations on the medial side 
more closely spaced than on the lateral. This would have the effect of causing the 
femoral component to rotate about a vertical axis through the tibia as the knee was 
flexed. Hence the femoral component can be influenced to rotate as it flexes, thereby 
replicating more closely the movement of the natural knee. 
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Further means of guiding the anterior-posterior motion is to change the frontal 
profile of the femoral surfaces. Figure 5 shows the frontal radius R decreasing with 
the flexion angle of the component. Yet further means of guiding the anterior- 
posterior motion is to make use of the natural convergence of the femoral component 
from posterior to anterior (Figure 6), such that h reacts with corresponding 
convergence on the tibial surface. 

It will also be appreciated that rather than the bearing surfaces diverging from 
anterior to posterior, the principle works equaUy well if the surfaces converge with 
flexioa Similarly, the frontal radii can increase rather than decrease with flexion 
angle. The former embodiment is illustrated diagrammatically in Figures 7(a) and 
7(b). 

Figure 7(a) is a sagittal view of the femoral surfece and Figure 7(b) is a 
frontal/upper view of the tibial sur&ce. As indicated in Figure 7(a), the femoral 
component has 3 sections located such that section 3 will be in contact with the tibial 
surface in the region of fiill extension, section 2 will contact in the mid range and 
section 1 will be in contact in high flexion. 

The tibial and femoral bearing surfaces are formed so that the areas of contact 
between the two components converge from extension to flexion. Figure 7(b) shows 
by reference numerals 1, 2 and 3 the areas in which femoral \iew section 1, 2 or 3 of 
the femoral component will be in contact as the prosthesis pi\ ots from extension to full 
flexion. It will be clear that during this movement, the contact areas will move 
inwardly laterally and medially. Figure 7(b) shows the shape of the tibial surface. 
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The shape of the corresponding femoral and tibial sections is similar but with a small 
clearance. In Figure 7(b) the short vertical lines at each section 1, 2 or 3 show the 
bearing spacing which represents the lowest points in each section. It will be 
understood that when the knee is in extension, the lowest points of the femoral and 
tibial components will align along section 3 at points L3 and M3 . When the knee is in 
mid-flexion, the alignment will be along section 2 at contact points L2 and M2. Thus, 
there will be a posterior displacement of the contact points. Similarly, as the knee 
flexes further to section 1 there will be a further posterior displacement at high flexion 
to contact points LI and Ml. 

In contrast with the arrangement shown in Figures 4(a) to 4(c), the 
intercondylar hump 14 becomes narrower as the contact points move steadily 
posteriorly with flexion. Also, the intercondylar hump in the embodiment of Figure 
7(b) is higher at the anterior side 16 than at the posterior. This posteriorly directed 
slope assists roll back as the knee changes from extension tow^ds high flexion. 

A knee prosthesis having converging contact points has several potential 
advantages. For example, there will be better resistance to varus- valgus moments in 
early stages of flexion because of the wider contact base. In high flexion, there wiU be 
reduced torque because of the narrow contact base, thereby allowing greater or easier 
rotational freedom. Also, the intercondylar region of the femoral surfece which 
interacts with the patella will be broader and deeper. A possible disadvantage is that 
the sides of the femoral component in the anterior and superior region may need to be 
more prominent. 
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In an analogous way to the 'divergent' embodiment described in Figures 4(a) 
to 4(c), the 'convergent' embodiment of Figures 7(a) and 7(b) can be designed to 
rotate as it flexes, e.g. by positioning the contact points in the sequential sections so 
that the knee tends to rotate medially as it flexes. 

Although the design of the interacting bearing surfaces in accordance with the 
invention is intended to largely replace the use of intercondylar cams, it may also be 
advantageous to provide for the use of cams in the intercond> iar region, in addition to 
the shaped bearing surfaces, if a particularly positive guide to ihe motion over a part of 
the flexion-extension range is required. Examples of intercondylar cams are described 
in WO 98/46171, US 4209861 and EPA 0627203, the contents of which are 
specifically incorporated herein by reference. 

In the above description, it has been assumed for greater simplicity that the 
tibial bearing component is fixed. However, mobile bearing components may be 
employed where the plastic tibial bearing component is allowed to rotate on a smooth 
metal base plate and thus enables greater amounts of rotational movement to be 
achieved. Examples of tibial components in which a plastics meniscal member is 
rotatably supported in a metal base plate are shown in EPA 0636353 and 0627203, the 
disclosure of which is specifically incorporated herein by reference. 
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CLAIMS :- 

1. A condylar total knee replacement prosthesis (TKR) which comprises a 
femoral component having a pair of condylar-bearing surfiices and a tibial component 
having dished tibial bearing surfaces for receiving said condylar bearing surfaces, 
wherein each condylar surface when viewed as a series of sagittal slices has a 
curvature such that the contact point of each slice with the corresponding portion of 
the tibial-bearing surface is anterior to one adjacent slice, and posterior to the other. 

2. A TKR prosthesis as claimed in claim 1 wherein the contact points of 
said sagittal slices with the corresponding portions of the tibial-bearing surface, when 
viewed from above the tibial-bearing surface, generally diverge from anterior to 
posterior. 

3. A TKR prosthesis as claimed in claim 1 wherein the contact points of 
said sagittal slices with the corresponding portions of the tibial bearing surfece, when 
viewed from above the^ tibial bearing surfece, generally converge from anterior to 
posterior. 

4. A TKR prosthesis as claimed in claim 2 wherein the contact points of 
one condylar bearing surface with its corresponding tibial bearing surfece move 
posteriorly at a different rate compared with the contact points of the other condylar 
bearing surface, thereby causing the femur to pivot axially of the tibia as the knee 
undergoes flexion. 
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5. A TKR prosthesis as claimed in claim 3 wherein the contact points on 
the lateral side move posteriorly at a greater rate than the contact points on the medial 
side. 

6. A TKR prosthesis as claimed in claim 4 wherein the contact points 
follow the natural convergence of the femoral component from posterior to anterior. 

7. A TKR prosthesis as claimed in any one of the preceding claims 
wherein an intercondylar hump is formed in the tibial bearing component, which 
changes in height with respect to the tibial contact points in a posterior direction. 

8. A TKR prosthesis which comprises a femoral component having a pair 
of condylar-bearing sur&ces and a tibial component having dished tibial bearing 
surfeces for receiving said condylar bearing surfaces, wherein the frontal radii of the 
femoral surface at points corresponding to different degrees of flexion changes with 
the flexion angle of the component. 

9. A TKR prosthesis as claimed in any one of the preceding claims 
wherein the shape of the femoral condylar and tibial-bearing surfeces changes 
smoothly across the width of the knee. 

10. A TKR prosthesis as claimed in any one of the proceeding claims 
wherein the femoral condylar and tibial-bearing surfaces are shaped in the 
intercondylar region to provide interacting cam surfaces which assist in controlling 
relative movement between the femoral and tibial components during flexion and/or 
extension. 
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11. A TKR prosthesis as claimed in any one of the proceeding claims 
wherein the tibial component comprises a meniscal component rotatably supported on 
a tibial platform. 

12. A TKR which comprises a femoral component having a pair of 
condylar-bearing surfaces and a tibial component having dished tibial bearing surfeces 
and anterior and posterior sides, wherein the condylar-bearing surfeces and tibial- 
bearing surfeces are so shaped that when viewed as a series of transverse slices 
extending transversely to the anterior-posterior direction, contact points between the 
bearing surfaces are displaced posteriorly with flexion and anteriorly with extension or 
vice versa, and each contact point constitutes the lowest point on the tibial bearing 
surface at a given angle of flexion. 
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